supplied from portable Entonox cylinders. There do not appear to be any guidelines regarding safe levels of exposure for ambulance drivers or attendants.
As an ambulance module mounted on a Ford F-100 cab has been developed by St. John in South Australia, both for use in South Australia and for export, we decided to investigate the frequency and duration of Entonox administration and to document the levels of nitrous oxide inside this largecapacity vehicle under normal working conditions. METHODS AND MATERIALS In pilot studies, atmospheric nitrous oxide levels during simulated Entonox administration were found to be much higher than could be measured using a standard environmental nitrous oxide analyser (Miran 101, Foxboro-Wilks, Foxboro, New England) which has an upper limit of 300 ppm. Therefore, a method was developed which used a 1: 1 00 dilution sampling technique. This involved taking a 24 ml grab sample and injecting it into a low dead space closed loop fitted to the inlet and outlet ports of the 2.4litre capacity analyser. The instrument was calibrated in the ranges 0-3000 and 0-30,000 ppm and was found to have a coefficient of variation of 8%. On the two occasions when levels exceeded 30,000 ppm, a 1 :200 dilution was used.
One of the investigators (RLF) presented to an ambulance depot on two working days per week. The investigator accompanied the first ambulance to go out for emergency transport of patients. The decision to use Entonox was independently made by the ambulance personnel using their usual criteria for administration. I \ / \ : The protocol consisted of taking and measuring grab samples at one-minute intervals from the breathing zone of both the attendant and the driver from the commencement of Entonox administration until the doors were opened on arrival at the destination. Notes were made of the duration of exposure, ventilation conditions in the ambulance (heating, air conditioning, window position) and weather conditions.
Total exposure was estimated as area under the concentration-time curve in units of ppm.min. Mean total exposure for attendants and drivers was 34,165 and 16,055 ppm.min respectively when Entonox was administered .
RESULTS
The study covered 215 emergency ambulance trips in eight different Ford F-I00 ambulances over 38 consecutive weeks between November 1985 and August 1986. Entonox was administered on twenty separate trips to fourteen accident victims and SIX medical patients.
For attendants, the mean duration of exposure, the mean nitrous oxide levels and ranges of means encountered when windows were closed were: 11.4 min, 3900 ppm (400-9700 ppm); when windows were open: 13.8 min, 1100 ppm (300-3300 ppm). Exposure levels of drivers were approximately half those of attendants. The highest single exposure for attendants was 56,000 ppm and for drivers 32,000 ppm.
DISCUSSION
During the nine-month period of the study, we surveyed 215 emergency ambulance trips. Entonox was administered during twenty of these. Based on figures for September and October 1986 supplied by St. John, emergency trips made up approximately 30% of all trips made by ambulances. As Entonox would normally only be used during emergency trips, we assume that ambulance personnel are exposed to nitrous oxide on less than 3% of their trips. This is a factor which should be considered in investigating the exposure profile of ambulance attendants and drivers.
We MRC) occupational health guideline for operating theatres of a maximum timeweighted average (TW A) exposure of 25 ppm is equivalent to 12,000 ppm.min over an eight-hour day. A study of twenty British dentists, whose mean daily exposure ranged from 960 to 583,200 ppm.min, found abnormal results of deoxyuridine suppression tests in three of them. 6 These three dentists, however, had the highest, third highest and fifth highest exposures in the study. Exposures in our study were several times less than exposures of the dentists and did not occur every working day.
The present study shows that when ambulance personnel were exposed to nitrous oxide, their mean total exposure for the day was 34,165 and 16,055 ppm.min for attendants and drivers respectively. While these levels are greater than the NH & MRC maximum recommended levels for operating theatre personnel, it should be noted that this recommended maximum level applies to daily exposure, while ambulance personnel appear to be exposed on less than 3% of their trips or roughly once a month. Thus, any risk would presumably be much less than with more frequent exposures. Even the peak exposure levels were below those reported to increase reaction times. 1 Levels of nitrous oxide inside the ambulance were greatly affected by the position of the windows, levels when windows were open were four times lower than levels when the windows were closed, and were on average lower than allowable daily exposure. Having the air conditioner or heater on did not have an effect on levels.
It is unclear whether occasional exposure to nitrous oxide, as experienced by ambulance personnel, can have any detrimental effect. However, the high exposures observed during this study suggest that ambulance personnel should be aware of the problem and take precautions, such as ensuring adequate ventilation when Entonox is used or by fitting an appropriate scavenging device to the exhale port of the demand valve of the system.
